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Establishment of an acute focal cerebral ischemic model of middle cerebral artery occlusion with
thrombus LI Yong-dong, ZHAOQ Jun-gong, LI Ming-hua, YOU Xiao-fang, CHENG Ying-sheng.
Department of Diagnostic and Interventional Radiology, The Sixth Affiliated People’s Hospital, Shanghai Jiao-
tong University, Shanghai 200233, China

[Abstract] Objective To evaluate the feasibility of establishing an acute focal ischemia model of clot
embolism in order to improve the repeatability and controllability. Methods An evaluation of an new
thromboembolic stroke model was performed on male SD rats (n = 60)and then randomly assigned into three
groups before surgery: small-size(length 0.5 ~ 0.6 mm, = = 15), medium-size (length 0.8 ~ 1.0 mm, n = 30)
and big-size (length 1.2 ~ 1.5 mm, n = 15)embolic groups. After preparation of the carotid artery, a catheter
was introduced into the external carotid artery with injection of autologous and fibrin-rich emboli were
introduced into the internal carotid artery with the common carotid artery, temporarily occluded. Relative
cerebral blood volumn (rCBV)and lesion volume were determined throngh MRI. The comparison between MRI
findings and pathologic change was analyzed. Results Cerebral infarct lesion was found in all of the rats in
medium-size and big-size embolic groups, while only nine of fifteen rats (60% )exhibited cerebral ischemia in
small-size embolic group, and the occurrence of cerebral ischemia in medium-size and big-size embolic groups
was higher than that in the small-size group (P = 0.000). The sites of the cerebral infarction in medium-size

group were all in the ipsilateral hemisphere, and the lesions situated in the left cortex, subcortex and basal
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nucleus accounted for 93.33%(28/30). The mean infarction volume at 24 h or death in small-sized, medium-
size and big-size group were (14.41 + 8.72)%, (48.29 + 18.57)% and (73.68 + 18.29)% respectively. There
were significant differences in infarct volume among the three groups (F = 33.171, P = 0.000). The mean
survival time in small-sized, medium-size and big-size groups were(301.1 + 23.02) h, (277.43 £ 20.27) h and
(59.93 + 25.03) h respectively with significant differences (F = 24.676, P = 0.000), while no significant
difference was confirmed in the mean survivals between the small-sized and the medium-size groups (P =

0.384). rCBV of infarct lesion in medium-sized group demonstrated no significant difference at 3 h to 18 h after

—123—

MCAO, suggested that no spontaneous recanalization was confirmed in the medium-size group. Conclusion

The MCAO model established with the use of medium-sized clots was proven to have an appropriate infarct size

higher survival, constant infarct position and persisted low rCBV within 18 hours, confirming to be a good
repeatability and controllatility. (J Intervent Radiol, 2008, 17: 122-128)
[Key words]  Acute cerebral ischemia,Middle cerebral artery occlusion; Magnetic resonance imaging;
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B8 K (3240 + 20.67)% . (39.43 = 33.50)% .
(51.60 + 29.10)% . (63.20 + 32.20)% (65.67 +
27.12)%F1 (68.36 + 32.92)%,6 A Bt ] B AR 48 5E
O CBV KB ERELIT$EL (F=1578,P=
0.194) BEX K ETEIBEH ML EA ,3h 524 h L
ERAGT¥EP =0.035), KA E B R BRZEH
PHEHERELHT%E (P> 0.05),
24 ARBHEEHER

AEFH 2 AERAL L TR T KB HE
BRFEARETRXME 8 RAT, KA T RYRF
14 d, T34 720 ) (301.1 + 23.02) h(168 ~ 336 h),
FERTH2 RARRE 44,1 RERE 94,1 R
BETdS BRESd2RRREI12~16h A%
T, E 84 FERT 1] (277.43 + 20.27) h (15 ~ 336 h),
KRFAIS R, EXRE 44, 8K 1 RXRER
13d,1 ARG 9d,1 ARG 8d,1 R 2d, K4
HES ~ 344 h JWIETS, FHEERE (59.93 £
25.03) h(5~312h), ZAZHAGREUBRERE
Get2 3 SL(F = 24.676,P <0.01), Lh/Me FAFIE
BTE R, T KR TN R, 3 AEFER
B, P ERTFHANEFR S/ M FHEBER
HEGEEFESTEEXP = 005), MARTF
HMEFHENHEETHFERTHAS M F4A
(P<001),

3 #ig
3.1 MCAO & R ] B ¥ A AR e

Stk MRk MCAO BBk 4 % B iy Benes 2511
1990 FEAREN, HTFORERHAR, FFE



— 126 —

AABS¥E2008 2 B4 17 %5 24 ) Intervent Radiol 2008, Vol.17, No.2

Y 2 8] B X B L 7 (rCBF) e A4 B2 B | B 5% 1L 5
KRB BREFEEEGBEURE ML
REARME, HELIFRRHEREESERIE
ST

Zhang %1997 4E 2 1 T — % & kb4 i 42 2
BriBiR, mieieFR2m 10 wl ki 4- g A
B TRFEREEMNTEREI, B
PE-50 S sk 3 i B B KM h 3h Bk R 1638, R)a
W& 30 5 80 u M M MM T NS ERE
Ao P BB A MACO MR AESE AR &5 B U
KRR EERIEIRAY 29.7% ~ 34.7%, ERFEALQ
J5 , JR SR AR L O B PR I B B v A 58%,1.5 h B AR IR
H3 54%, MR ET 2hIkERT 66%, RERF 2h
i, BT K A KRR R 3 Bk 3 T LA R 3R il i T AR
N BREGE4hE 8%, 24 0K 61%, T TdfE
B K BA B b 3h Bk 3R R B g 4y . BRI, T
DA Sk AR R B R BT RE . TS
HERESEERRIARNFRERBEFEA
ke, Bt i AT R, B AA
41%, XEBRH THEEHG T BN KHAET
B,

Zhang " B A K 25 mm B F AR,
KB P B Bk o i WO MR 3k 95% , L — IR T
K 25%, T R B 7E 30 mm L) b #9 % T M X —F1 5
HoH KR RS Bk . B 3h Bk & KRS 3 Bk a2
b, A 25 mm R TR R ESS 24 h iE
FEARAR o B0 K MR BR A 32.5%, M TdJEA
34.5%, CBF (R BIFAEMK 43% A RERFSL 2 ho 22
JG24h, IERREXRB PHKBEAMLERET,
48 h Bty 62%, Wi 7 d J5k 25%., HF7E PWI L,
CBF ZE Rk it j5 48 h R E B TR EZRT MK F, B
TR FRETHRIAE.

Jiang %197 1998 F E v FIHM KRER,
A K 25 mm B8 FIEA K6 3h bk et 5 3
CBF TREBIEAER 40%, #E)S 5 h, % PWI LK
RKEBRBEEE. A48 h /G, HTF CBFKE
FRERNKE, AU HERORARRETHREE
., FERZEE 168 h,HE SRR & FMm KR
HIRE (43 £ 14)%,

Kilic 297 1998 4 HIfE T 5 —F MA2 K B
Wik, XA FEEE ZAKE (1.5 mm
4mm) EESHAENRTFEABSASK, EA
6~84 15 mm KMyt Fof,CBF TREER—,
BRBPs e EE R E, MEA 104 1.5 mm

& 4 4 mm K KR FE,CBF o] #r & (R IR B K
& 20% ~ 30%, % %) 2 h,1CBF BERK, KK
ARAHEERR, FRRMERUTFEESRTE
AKX 8L, R W E R R Bk, X
MABRBEEES THARRAY T HEHIHTR
R4, Takano ZF BN K 6 mm B & ¥ M B H
P ot A2 ke e ZE K BUK B o 3h B AR 16 8 . TEBRILSE
20 min &, MRI _ 5 £ % St 1 X 56 4 B9 £ 3 R Bk
10.4%,60 min B34 13.1%,150 min Bt 5 16.1%, 5
Xot ) A BB BR Rl — R A B, BRILAE 20 min BY,
rCBF ¥ 3418 R 20.2%,145 min B % 27.2%., BT
i A58 BE DX 6K 2 A A 98 L0 , TR kg T A A g ik el 5
5 R4 T 30 K 835 Bl 52 2 R 22 K o 3 BK R 1
B M.

AHERER R S B Krueger SW7E 2002 &4
B 20k I A K Bl MCAO ), e 2%
PE-50 B EHBZESESAAS U REER 21K
% 1.5 mm WESFEROBRTRERK 3 5E
B HEERTRE Willis R, EUREFTHET
Kihsh Bk MERT, TRERERE 1 RES,
HABRTFHOLF KM+ 3 ka2 4438, B MRI %
S TIC e ENREART RS B TER
)5 3 h 9, 1CBF FHRIEXDT (54 £14)%, 5t
I X B AR BT AR B o R K B S 3R 9 (42 = 19)%, T
A5 5 78 A0 R 0 1K o X3 46 F T 0 K B AR 3
MR, KMEPERAEFEER S, R 24 %
o 85 T P A i S 5 7 o L R, TR O T A A R X
BRI DA R ok of P AR P R B R

mFatmes: MACO BB T EEEE
T, ZmEeRFRHRD BE KRN EER
BREENBLBESHENE W, 0 REKRLYS
EXEBEAN, i TFHAEEAMEERIEL
PE-50 R XA & MR MIEE, FFURTFERN
WEERBRAT—FEARERE FERENE
A FEAKR MCAO HRMHIE N 3 . BRI x
ERP R A& R ERASFEHTTHRY,
SR R LSS H 2 o BRI F L B A B ] R B2 A, MRI
KREARRSKREERYBRE, QB EHERH
VBV NI WY K
3.2 bk MCAO B RIHVE b B R BiE

PE-50 B2 03 mm, EAKEREHNEFHHN
¥, B ik E RS R B T
HRFHRENMTE, BTEANTERIXFHS
%, FFURMNAZXERAHEUIEN24GCH



AR F5E 200842 A% 17 5% 24 ] Intervent Radiol 2008, Vol.17, No.2

—127—

kB E B RENRSRFELRAEEN T,

ExcelsiorTM SL10 # 2/t A FB % 5 & (Boston
Scien-tific/Target) & 110 cm, i i3 0.014 -~ §) F
2, K 0.36 mm, % PE-50 B HL, E i, LR
FRIEATHREREN KR (00 ~ 450 g), K H
XA EFEHNRNEELR, EXLHELRE
R, EXHRFERNEEMBREA—BW, B,
B R{1AESE A PESO R#BLENMTAMTEEN
EELR BAESEBENER AERERR, ME
FLEXRARFYES, WA 24 G 348K
BEHE BEELGT . RNER, EETL S
A3 E 52 B

—KH24 G RLBIKBESH, HHE 1 mm,
K45 cm, BER, Sl ik B 5L BRI £,
AR (EFE R B B B R SR B BA s BkeE , $%
ERHDBREIZBRIIEEN, BEABKEEHK
kmBRY R 150°/4 F . XHE,IFE TSI BkIITF
B4/ O BRAR 25 53 IR st 4 # Bk 8 4 4 2 B8 30 Bk
B4, EREHDRE S, BRI BA % B
BT UL B S5 B Bk AT R AR TR B T, R R
WA R BB Bk, L S TN R — %
HE EEREZTEIRSNTHEEART. R
15K 25 7 350 3h Bk , L 48 R B 7R B R B % B4k
ik, BFEEREBRINHEAR TSN, W
BB TXHBAMBKNHG. B0 EARTFHR
A EMAER S, IR TR ERTE
BEFAREE—W, WA L5 E 0082 2R
00, 3 % O A o BR BRI R 2E
33 REEHEIHENXBEEE
331 SHEREzh MCAO HEFHLELH
BRI IETUAXEEREAKRINE, & F
KEHEE KRB FS B ELE, B 53
WL FR—FEL, HERSTAHKE SN
AEMERILF—B, EZE0HE, FURTFHRA
R E BN KA BB S bk, XMERE
FELRHBIIEL, MEXREdTFREALERS
Bk, ARK/DAREBZF06 ~ 1.5 mm)ILMT 35 R
KB MCAO %, 1 RERESBPIETI, I
16 A KB MRI BB T 5L, BRELH
P —BEAR K, ER R RE 47%(16/34),
HEEHREHRRALRER RIS FH—4
EXEENEER, REEFEWE,
332 Mm®FAHE Bk H A5 M RN T
4CHKFE R 24 h, T EL AR AR HE 42 B AT 72

PBS Zr T HE 2 ~4h Ll L, AEH R LR
B B HAZE (0.3 mm £ 4), XA LR IER M
BREEMIERGER TR, BIENLIEMZZAT
Ri7ERA PBS KSR IMA 2 ml BEH, PP
M b & Subk AT, B IR 1 T I RE Y4
IR TR 5 W E T 5 B8 A BKCE SR B I B
L, TARSEITH B T EEHERIRFHET
333 BFHANEREE BRFHRD EFEER
TFHKE RETRFRENRA, MR TFHEE
FWMESERNTES Y, Zhang EHEIRERE
SR FRER 25 mm i, 2 E MCA EHTMHE
& 95%, B /- FUH 25%, Kilic 00
6 ~ 84 1.5 mm K## FHEAZ A K ,CBF T
MR — B KR+ 3 B R E A 4T . T 10
15 mm KR FEAR, AU rCBF AT R4E 1K
B 20% ~ 30%, MAERRLAEIHGFHE
ETBEMKREFHRER. TRABN, RNSHE
Krueger £@f 34 10 ~ 12 £ K 1.5 mm M4 T
AR, MRI b BRAESEA LT S8 T B4R 0
KIEER, HURTFRET MCARESRH. ¥
10~12%4K 12~ 15 mm & FHEAN ,MRI L B
ABAEEARE 1.5 mm BT E /D, BRRFE
BIEAK, £ 24 h BFET 8 10 ~ 12 4K 0.5 ~
0.6 mm Hy/MEFHE AR, 250K B A o BLIRE 7T
kb, B R B FE A A BN BLBIPE 2 A, BE S i B5E
BB, XA TFREBERAYIIBITER.
¥R B MRI L B RESEAL , 7] & Bt T/
FHET HNMLE K HE—NH/D TR AR
RERT%HR, %10~ 125K 08~1.0mmK
# T A Bt ,rCBF o] 5 4% [& 1K B X & % 30% ~
40%UTF  BSLR AL EE T, EHE SRR RAEX
MAREREETAERAL, THEEETRTFHEA
MCA F31R M F b, RN E KR FUREE D
T wh o 2 0 AR FR AT X A% B, 7E XK
IR AL, R F R E RS 8 ~
10 4, R B X A B L A9 MACO I EUR(NE R 47,
i ¥ 257 B A F K Bt o 3 Bk X 3%, rCBF BE 4%
R MBEXRNEERRE, HETEZRNZY
BRMER,

BZ, 238BR, PERTFEIHKR
MCAO B B ABE R FEEA REFEH
AR E T CBY R, EARFNTESR
HRT M, A LR AR KRR+ 3Bk
B R A IR 2 A R B A B o XL, 5E A T



— 18— MABG %4 200842 A% 1752 2 J Intervent Radiol 2008, Vol.17, No.2

BREER T RAREE B S ALY [9) Benes V, Zabramski JM, Boston M, et al. Effect of intra-arterial

ﬁﬂ‘] 3T, tissue plasminogen activator and urokinase on autologous arterial
emboli in the cerebral circulation of rabbits{}]. Stroke, 1990,
21: 1594 - 1599.

(10]) Zhang Z, Zhang RL, Jiang Q, et al. A new rat model of throm-
botic focal cerebral ischemia [J]. J Cereb Blood Flow Metab,
1997, 17: 123 - 135.

[ % x W)

[1] Ginsberg MD, Busto R. Rodent models of cerebral ischemia[J].

Stroke, 1989, 20: 1627 - 1642. (11] Zhang RL, Chopp M, Zhang ZG, et al. A rat model of focal
(2] Molinari GF. Why model strokes(J]. Stroke, 1988, 19: 1195 - embolic cerebral ischemia[]). Brain Res, 1997, 766: 83 - 92.

1197, [12] Jiang Q, Zhang RL, Zhang ZG, et al. Diffusion-, T2-, and

[3] Sloan MA. Thrombolysis and stroke. Past and future[J]. Arch perfusi o o cmpil n imaging of middl
Neurol, 1987, 44. 748 - 768.

[4] Krueger K, Busch E. Protocol of a thromboembolic stroke model niogen activator intervention in the rat [J]. J Cereb Blood Flow
in the rat: review of the experimental procedure and comparison Metab, 1998, 18 758 - 767.
of models[J]. Invest Radiol, 2002, 37; 600 - 608.

cerebral artery embolic stroke and recombinant tissue plasmi-

[13] Kilic E, Hermann DM, H KA. A reproducible model of
[5] =8k, gfsh, BAA, & ERGEMBNERHETY thromboembolie stroke in mice[J]. Neuroreport, 1998, 9: 2967
LRI A ABSEEE, 2005, 14: 510 - 515, 2970,
(6] &, EHE, BEF, ¥ KEAEREREARXRY (14] Kitic E, Hermann DM, Hossmann KA. Recombinant tissue-plas-
BB BB TAE R U] ARSI ERE, 2005, 14; minogen activator-induced thrombolysis after cerebral thrombo-
516 - 522.

embolism in mice[]]. Acta Neuropathol (Berl), 2000, 99: 219 -
222,

haemic lesion volume and oedema formation differ among rat [15] Takano K, Carano RA, Tatlisumak T, et al. Efficacy of intra-
strains (a comparison between Wistar and Sprague-Dawley rats

using MRI)[J]. Lab Anim, 2006, 40; 1 - 8.
[8] Gerriets T, Stolz E, Walberer M, et al. Noninvasive quantifica-

[7] Walberer M, Stolz E, Muller C, et al. Experimental stroke: isc-

arterial and intravenous prourokinase in an embolic stroke model
evaluated by diffusion-perfusion magnetic resonance imaging[J].

Neurology, 1998, 50. 870 - 875.
tion of brain edema and the space-occupying effect in rat stroke : (WCR5 B #9:2007-05-31)

models using magnetic resonance imaging[J]. Stroke, 2004, 35:
566 - 571.

J S WS VI GO WUOI WSS SIS SO GV WPV SRS WD S SVEY SOV SOME SPIUE UURET SURS SO SV SUMIF U SR ST SHSH LIS S AU WS SRS SURI R S S SO SR

* ?\ﬁ, IE\ ¢

(FHAEES% CT 5 MRIZHET)H AR

HILER K%Y EREFZRT O ERAERN EBER B RERE S LERESZEF ARFEHE
S EHmM LR CT 5 MRL 27— B EL AR DA R AT AT,

ABRSTE ABE=ZRFE . (DBEIER, AT, LFRETHFERANELREZRNTER
RORR: ()FHEE EELHRNENKE, ARERENEREE A gl ARE EEEMEEL
#, REBEFRFENRE;Q)VARFA, 2B HERIRETEENNLRANE, RAL—HRE K, R
RS AT ERIMNBFRRER. 2370 27,386 BE K, BAEN 108 T, ARLH, THES4A .
HXMERMELEERENSE, 2ESKEEHFHE,

(F % % %)



2 L A 5 B A S G A fry e 7. ISRELEL:! -

(=r FKIR, B, WM, Judgy, FEYJE, LI Yong-dong, ZHAO Jun-gong, LI
Ming—hua, YOU X1ao—fang. CHENG Ying—sheng

3 PA AR B N N RS B A SE B 200233

% N e e e

HELT) 4 JOURNAL OF INTERVENTTONAL RADIOLOGY

B0 2008, 17(2)

W51 AL 1R

1. Ginsberg MD.Busto R Rodent models of cerebral ischemia 1989

2.Molinari GF Why model strokes 1988

3.Sloan MA Thrombolysis and stroke.Past and future 1987

4. Krueger K.Busch E Protocol of a thromboebolic stroke model in the rat:review of the experimental

procedure and comparison of models 2002

2R AE SRR TN, BEGETE AR SR I A AR I I 7 0 SE S DR SCT - A AU 22 4 2005
6. AR L), AR FEOETE KBS IR A5 AN ] DXl FBORREE A5 R AR RS s DRI ST - N 4 2k
2005

7.Walberer M.Stolz E.Muller C Experimental stroke:ischaemie lesion volume and oedema formation

differ among ratstrains(a comparison between Wistar and Sprague-Dawley rats using MRI) 2006

8. Gerriets T.Stolz E.Walberer M Noninvasive quantification of brain edema and the space—occupying

effect in rat stroke models using magnetic resonance imaging 2004

9. Benes V. Zabramski JM.Boston M Effect of intra—arterial tissue plasminogen activator and umkinase

on autologous arterial emboli in the cerebral circulation of rabbits 1990

10. Zhang 7. Zhang RL. Jiang Q A new rat model of thrombotic focal cerebral ischemia 1997

11. Zhang RL. Chopp M. Zhang ZG A rat model of focal embolic cerebral ischemia 1997

12. Jiang Q. Zhang RL. Zhang ZG Diffusion—, T2-, and perfusion-weighted nuclear magnetic resonance

imaging of middle cerebral artery embolic stroke and recombinant tissue plasmi—nogen activator

intervention in the rat 1998

13.Kilie E.Hermann DM. Hossmann KA A reproducible model of thromboembolic stroke in mice 1998

14.Kilie E.Hermann DM. Hossmann KA Recombinant tissue—plasminogen activator—induced thrombolysis

after cerebral thromboembolism in mice 2000

15. Takano K. Carano RA. Taflisumak T Efficacy of intraarterial and intravenous prourokinase in an

embolie stroke model evaluated by diffusion—-perfusion magnetic resonance imaging 1998

AHABLSCER (104)

L 2R 0 F el o5 sl i it X BUOR R FH AT 9T 2006

) AR b 228 5 BRI P B kA2 2E (middlecerebralarteryocelusion, MCAO) F70, %% kG 57 ¥ (Soybeanisoflavone, 1S0) X Jix
SRl R R, BRI IOIUR], b K 5 T 75 ¥ e PN 2 1 R R AR IR AR~ 41

Jiidi L MCAORBIRUREE ST . fk FE IS4 SpragueDawley (SD) K203, MEMER N, BUNLS MBI RME T R AL, BERLZR SR 4 37 K R fIIMCAOASE
L, RJF2AnSARAE, 2Dl ﬁwwﬁ,ﬁrmm&ﬁﬁ@%ﬁﬁ 2. KSR i e K AR TR AR BRI SDR BRB0 L, BAL A3 1
620 : TSOEFIHEAMCAOZL (ISO-LHMCAO, 10mg/kgbw * d) . TSOHIFIE4] (ISO-M+MCAO, 20mg/kgbw + d) « TS0 AL (1SO-HHICAO, 50mg/kgbw * d) . VE4]
(VE+MCAO, 20mg/kgbw = d) v fET-AR4L (ShamOP)  #4H1 (Model) , ShamOPFIModel 41K BUAREICHE LA Bl /K5m],  SEU0 4/, BRShamOPZI AL A % 414 T
S5 DY A AR MMCAOBERL o A FH YRk SR DIIE BT K B 212 T g, 430 T3 BUR LhRl G Rf 3 i 0 s e i =ty , AP k) Rl 4 24 i A B o
Vi A AL TSR BRSODRIGSH-PX AT M MDA HE, 55 FkRT-PCRYZA T 45 24 iy RV A A 190K € 400 0 LA R ZHL ZH0— 1 ATHO-2mRNAZG T /K S, o AHUAR



http://d.wanfangdata.com.cn/Periodical_jrfsxzz200802013.aspx
http://www.wanfangdata.com.cn/
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%b0%b8%e4%b8%9c%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e4%bf%8a%e5%8a%9f%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%98%8e%e5%8d%8e%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b0%a4%e5%b0%8f%e8%8a%b3%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e8%8b%b1%e5%8d%87%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Yong-dong%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHAO+Jun-gong%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Ming-hua%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Ming-hua%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YOU+Xiao-fang%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHENG+Ying-sheng%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e4%b8%8a%e6%b5%b7%e4%ba%a4%e9%80%9a%e5%a4%a7%e5%ad%a6%e9%99%84%e5%b1%9e%e7%ac%ac%e5%85%ad%e4%ba%ba%e6%b0%91%e5%8c%bb%e9%99%a2%e4%bb%8b%e5%85%a5%e5%bd%b1%e5%83%8f%e7%a7%91%2c200233%22+DBID%3aWF_QK
http://c.wanfangdata.com.cn/periodical-jrfsxzz.aspx
http://c.wanfangdata.com.cn/periodical-jrfsxzz.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ginsberg+MD%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Busto+R%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jrfsxzz200802013%5e1.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Molinari+GF%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jrfsxzz200802013%5e2.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Sloan+MA%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jrfsxzz200802013%5e3.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Krueger+K%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Busch+E%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jrfsxzz200802013%5e4.aspx
http://d.wanfangdata.com.cn/ExternalResource-jrfsxzz200802013%5e4.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%98%8e%e5%8d%8e%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e4%bf%8a%e5%8a%9f%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e8%8b%b1%e5%8d%87%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_jrfsxzz200505017.aspx
http://c.wanfangdata.com.cn/periodical-jrfsxzz.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e4%bf%8a%e5%8a%9f%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%98%8e%e5%8d%8e%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e8%8b%b1%e5%8d%87%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_jrfsxzz200505018.aspx
http://c.wanfangdata.com.cn/periodical-jrfsxzz.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Walberer+M%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Stolz+E%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Muller+C%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jrfsxzz200802013%5e7.aspx
http://d.wanfangdata.com.cn/ExternalResource-jrfsxzz200802013%5e7.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Gerriets+T%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Stolz+E%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Walberer+M%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jrfsxzz200802013%5e8.aspx
http://d.wanfangdata.com.cn/ExternalResource-jrfsxzz200802013%5e8.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Benes+V%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zabramski+JM%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Boston+M%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jrfsxzz200802013%5e9.aspx
http://d.wanfangdata.com.cn/ExternalResource-jrfsxzz200802013%5e9.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhang+Z%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhang+RL%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Jiang+Q%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jrfsxzz200802013%5e10.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhang+RL%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Chopp+M%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhang+ZG%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jrfsxzz200802013%5e11.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Jiang+Q%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhang+RL%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhang+ZG%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jrfsxzz200802013%5e12.aspx
http://d.wanfangdata.com.cn/ExternalResource-jrfsxzz200802013%5e12.aspx
http://d.wanfangdata.com.cn/ExternalResource-jrfsxzz200802013%5e12.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Kilie+E%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Hermann+DM%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Hossmann+KA%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jrfsxzz200802013%5e13.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Kilie+E%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Hermann+DM%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Hossmann+KA%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jrfsxzz200802013%5e14.aspx
http://d.wanfangdata.com.cn/ExternalResource-jrfsxzz200802013%5e14.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Takano+K%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Carano+RA%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Taflisumak+T%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-jrfsxzz200802013%5e15.aspx
http://d.wanfangdata.com.cn/ExternalResource-jrfsxzz200802013%5e15.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e6%99%93%e5%b3%b0%22+DBID%3aWF_XW
http://d.wanfangdata.com.cn/Thesis_Y881028.aspx

DI SE 45 2 AN TS L3R R R P I 2R (Hoy) WREE, i Gt AU BEHEAT A2 AN T A5 2 U, 2L U5 24 A 7

S 1 KEMCAOBI ALK 7 ShamOPAL K BUASTRA#, Model 41FR2 SURBRIME T -y VRUSZEAR T4, HRT BB ZE W Horner 4, #1Z2 D)k
GRARVE A AE1-35 2 0], K BUBRL e Thbrvfl, RRRZ K UG 20T L St 0 BRSO o 2. SO it it K BUERAP A FRAIAIFFE (1) TSOX Ml K il £ L4y 1
H: EModel Z1AH ELISO-M+MCAO.  ISO-H+MCAOZH KBl % >J i A2 e o ML LA K fisi 21 ZRSODMIGSH-PXY& 1 « - L ybk L2 40 i LA A% Jigi 2 2R HO~ 1 RITHO-2mRNA R 32 7K ~F-
« Bh& MK rADC. rDCavg. rFAEHF, 22 M Gt X (P<0. 055KP<<0. 01) ; L35 A AL ZMDA S B I 3¢ [F) R~ e S BRI JEE I A%, 22 AT it
2 L (P<0.01) « ISO-LAMCAOSMode LATMILL, 23067 i B ZSODEPE . £ ZRGSH-Pxyfi P Ltk L 40 HUHO- ImRNAZ K 7K+ I ZH0~
2mRNAZGIE KTy 6h% YRIX rADC rFAMEIARE T, 20T ek X (P<<0. 01) 5 171 M35 A 2L ZIMDA S it I35 GSH-Pxiifdk « - I 6K 4 40 JfUHO-2mRNA 6 35
AT WALZH0- ImRNAZE KK T, 3K ) 5 24 I Bk 1 2 ) G 46 27 3 L (P> 0. 05) o (2) TSO il . K BRI (4 44 5 VE AR FHT IR A2 : - TSO-LAMCAO
TSO-M+MCAOZL 5 VEAMCAOZL L AR, LT 2 i ZAGSH-Pxiifr P . SODIRPEAAG, ML e I 2L SIMDAS ity I S8 Hey R A5 - LK E 400 il 2 J 411 1A HO— L RTHO—
2mRNAZEITE TG, 22 AT 4ot 5 SL(P<<0. 01) 5 TSO-H+MCAOZ 15 VEMCAOZ LU AE i 37 S i 21 £4S0D GSH-PXy& PEFIMDA S dity i 3¢ Hey ik &« 4148
« IR EAHO- 1, HO-2mRNAZK A /KT, 6h#% XX rADC, rDCave. rFAMIYTEG 4225 (P>0. 05) o (3) MICAMHT: TSOFIEL 4% 210128 Sy« L e
N 41 ZASODFGSH-PXiG PE L bk CLA0 AN i 41 £8HO-1. HO-2mRNAZRIA /KTy 6h4% DBRIX rADC, rDCavg. rFASY R IEMHIDEIC R i ML K41 ZAMDAF it
3R IR AR KT B AAHIEOC R o (4) 2LV AR 1 Mode 12K UM AL ST WL 2 503 0 58, A2 LR B S i/, DR % TR Al 4, T 5%
WG, SO AN R =G, BITANR IR, A2 BTN LA R B AN /N R R R TR B S O, DAL . S Mode 124 LL
TSO=ANFAZL A LI 2L 0 A8 38 ) Sk e, 20 0 D P 4, Y R o 57 0 R T ) PR TR B D S A8 A, ) ROBRAA N TR AL (5) M2 4 T
AAEIGE: Mode L 4LNT WATZR A1 AL ISR AT I, R0 Py 185 FERRAIG, KL P SRR D, JEHPIRERANEAR, BRI 2, ok A/ S /NDREIR
s RN, SRR TSO-HMCAOZL i WANZE T M4 Ay WL 4T, AR, IR sROR AT, XU AR T ol HEL I A o4 B 2 Sk, ol i = e
s ERRLAFPIR, 9 R .

458 L GARVETTH T @ K RMCAORI R, BERUAE) S, AL SO0 B (9, TR BB e Dbt . 2. TSOWT LA o i e i K B2 >3 342 fig g
ML P2 i 2H ZASODANGSH-PXFH I - I b L 41 ) A% i 2 ZAH0 - L FTHO-2mRNA I 7K F- L K2 6hitf #- %RX rADC, rDCavg. rFAfH; AR K2 ZAMDA &y i
SRV DR KT s AR Mtk A I 4L 3 T 2 DA R B A A R e o 3. TSI Ik B USSR R, BRI S Hey ik 2, $RRHO- LAIHO-
2mRNAZZIE K% W PR 5 05 42 51— 2 (R AR T

2. WIFIE S0 S Lhg. SRR K. dpR A, 454, SHI Yi-Ju. NIE Heng-Huan. XING Guo-Qing. MENG Qing-Hua. LI

Juan =R R B ok SE VR R it i (R 5 . — o [ I R 25 BE 2% 55 R YT 242000, 5(2)

FIR 052 = 5l (PNS) B =B gl A (Rb1. Rgl) b AN bl ki 2 (MCAO) Ji Il i 37 ik (CBF) % 2 2R 45 K TR S, 73 60 Wi s tar K FUBHAL
SRTAL; SRS T BT A AL (SO) 5 55 141 JgMCAOXS [ 4L ; 552, 3, 44IMCAOTT 30min 2 MCAOJ I %043 5153 Ik 45 FRe; 20 1w g » kg1, Rb; 20 1 g * kg—1, Nim
5ugekg1;555,6 41535 TMCAORTH#E FHPNS200 mg « kg—1/%400mg * kg~ 13%E4:10d. 45 5L 5MCAORT 4T LR, Nim, PNS 400mg « kg—141, CBFI 48 i1
(P<0. 01),, Rg1ZA.CBF G W 3% 1. PNSfil &2 W i el AL AU A il (SOD) 3% ), Bk — 4 A6 2 (NO) 5 ik, M K40 7%, Rb 15 Rg 1, PNSAHING mfiE i Sk 7 i e o 2
fhizeGHi i, JRb1, Nim, PNS400mg « kg— 14141 T-RgLRIPNS200mg * kg—141. £518Rb1, NimFIPNS400mg « kg—1fE W] 4 IIMCAOIX CBF, FLHLER AT i 554 7k i
F7 9% Rg LG INCBE. Rb 1, PNSAT kA I ik fi YR 5E 1 FHT. SUHLEE AT i 1542 i I 410 Py SODSE g - PR IS Py Ca2+ BONO 75 ik A7 oK.

S TIESC WA, A5, 4. B AR 5T R A AL R I Sk ML TGR- B . HSPTOE I 3SR — b nt e 25 K%

27412007, 30 (2)

T T WL T RAT A R TR AR R B S AL KR T B (TGE- B ) A 552 170 (HSPT0) 77 H 9S4, LAY 028 (s B T3 45 FR A T
RATAL PG FBLE. Tk SAEMEPESD B, BOHLS B AN B BURAL R IT RAT B 4l B0 AL B ST U A K
BIKKEZEL2, 24 i) Jei b Pk A e i ASS 7R EIK S 2 W B9 (ELTSA) Rl i 1 2040 S TGR- B FIHSPTOR 4. 45 L il afii 12 hA124 h, K FUKALZTGE- B Fil
HSPTOE it 3 ETH v, I8 5 AT S0V 2 R L (P<<0. 05) . kML 12 b, 3541, B EREHAL. 7 ALREBHAMGZAIZITOR- B 41k (P<<0. 05) ; w24 h, i
R4 BERRFL AL B 21 TGR- B A (P<<0. 05). RHLIN 12 h, 545 252 X 20 SLHSPT0 3K AR AT 7SI A0 (P> 0. 05) ; Itk I 24h, 5754 «
B ALAEAT AR BEIGALZWMSPTO 5 it %3k (P<<0. 06) . 4518 W5 IF R AT 2453 % K BURKEPE R Bl i J AT CRAP 15, JEHLHIZ — 7T e AL L iTGR- B FIHSPT0%
I, FAE AT S I

4. SRR S WA TTT R AT AL S s i e AR 4% 1 28 G 1) ER 3 BLRIE T 2004

T i F) 0 B B — AN L IR B IKFE L ZIRAR B IO N, DS ST UL R PR R AR 3R T, LRIRIRUE ST AL e
FATHEAR ML IR 21, o0 2 CRAT SOTREAE, BT H T U1 2 SR AR SRR AT, DT il e i 453 9 9 B . SN v 2 245 5 SR 7 o i ko PO 800
JERTGYT 2040, R NIRRT 2510 R T 2 4 b A 2 AU L RSN, A SRITF L A4 A5y T, o 24 525 b 700 0 7 28080 WAl 1
I IE ] R B PRIEIS G A AU E AR BR A B, RN RS BIT AR T R L i W S UR I SOR I, WO R AT A S RS R T R, B2k
RS, HATARaEIE LS 25 WA A5 D, BF T2 00 e i J5 ) M 28785 7% R A A28 BR 7 DR RO SR, BRI T R AL 08 7 e i 119 7 2800 F i W A
B, Sy e 25367 Ik M AR GE AR A AR TRIFFO7 70 5 45 L %5250 2 W Longadds, Fely S HA K UG SR MRS AR, K5 K B WLy AN I By BRI, 4
U A1 BT HHRR. IDBRRER DU BOAL & 5 21) ST ARAL, WA B 12/ Je 24/, BRI ARALAE, A& ALERE AT L/ 245 25—, Hirise
YUE W25 2522 IR SRR DY REVE X Ze GE v S AL B S 5 M . % G WIE T AL SN TR AN 20, 12/ I AL S RGN, 55—k eR 2
[RIRGA/IN ; 24 /NI BEZL 0 — IR 2, 5 50 e 24 I 12N IR SRR e W IS I ok (ELISA) JUHEASTIN S M I 21 AbFGE . BDNE TGF- B Al
HSPTO 5 ik S A8 Ak, Sy AL R (LSS T BRI ZATrkB L TGF- BRI TGF- B R IT AL FA. 24518 3k FaR 5 HAG Y LU R i s (1) Mg et 453 0% 4
NSE bk Y 25 14, HAFR . B BREE R DY WAL & 5 ARG L 2/ BE A M I 2 JONSERIRET, AT AU IEFR . BB BRRER & U5 AE N GR b R AR I 22
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